Keywords: cause-and-effect analysis, DEMATEL (Decision Making Trial and Evaluation Laboratory), fuzzy logic, failure of a historical structure.
INTRODUCTION
The failures of buildings, especially historical structures, require an in-depth cause-and effect-analysis of the occurrence of damage and determining the manner of their repair. The problems that need to be tackled by specialists from many technical fields, including construction engineers, often exceed the bounds of standard construction or design solutions. The specifics of a historical structure require the carrying out of an evaluation of the phenomena that influence the damage that has appeared. The structural problems associated with historical structures were the subject of numerous publications, e.g., [1, 11] that were presented at scientific conferences. In order to synthetically describe and analyse the problem above, it is necessary to select the proper tool that can enable the appropriate modelling and analysis of the considered dependencies between elements. The concept of a system made up of two elements, between which there are certain relationships (dependencies) are at the foundation of many analysis methods. One of the effective concepts of representing such a system is structural modelling, which makes it possible to understand the properties of complicated systems [20] . We can find many methods used in the modelling and analysis of various problems in subject literature [12, 13, 15, 16, 21] . One of the more popular methods of structural modelling is the DEMATEL method (Decision Making Trial and Evaluation Laboratory), which was developed by A. Gabus and E. Fontela [8] and serves chiefly to model and analyse cause-and-effect phenomena. This method is, according to the authors, the proper tool to be used in the analysis of the technical problem discussed in this paper. We can find many examples of the use of the DEMATEL method to analyse cause-and-effect phenomena in building construction in literature, for instance [5, 6, 7] . In the positions mentioned above, the uncertainty of experts' evaluations are not taken into account, which is important in the case of phenomena that occur in a historical building that are difficult to measure. Taking into account the fact, that the complexity of the problem and the precision of its analysis occur in an inverse dependency [4] , then, as a consequence, the imprecision of the data is going to affect the uncertainty and disparity of the evaluations in the opinions of experts that take part in an analysis. This is why the authors of this paper propose the adoption of an extension of the DEMATEL method by introducing elements of fuzzy logic into its algorithm in order to take into account the uncertainty of experts' opinions and the aggregation of discrepant opinions in the analysis [10, 17, 18, 19] .
EXAMPLE OF THE USE OF THE SELECTED METHOD OF STRUCTURAL MODELLING FOR THE PURPOSES OF A CAUSE-

AND-EFFECT ANALYSIS OF THE FAILURE OF A HISTORICAL STRUCTURE
THE DEMATEL METHOD AND ITS FUZZY EXTENSION
In the DEMATEL method (Decision Making Trial and Evaluation Laboratory), the tool used to model the dependencies between the elements of a system is a directed graph ( fig. 1) , the points of which symbolise the elements of the system, while the arches define the relationships (effects) between these elements. The evaluation of the direction and intensity of influence between these elements is carried out by experts with the help of a five-degree verbal scale, to which numerical values are assigned.
These values are then introduced into a matrix, in which the sum of all of its exponents in the liminal sense returns the exit values within the analysed model.
Below, on the basis of [3, 9] , the procedure of the use of a fuzzy extension of the DEMATEL has been presented, which can be used to perform a cause-and-effect analysis of the failures of historical structures.
Step 1. The construction of the structure of the model is initially based on determining the set of the elements of the system, which are going to have their direct relationships established in the next step.
Step 2. A group of experts evaluates the direction and intensity of the mutual influence that occurs between the elements in a linguistic manner. The depiction of the relationships between the elements of the system is going to be a directed graph of direct influence. To this end, they use a linguistic evaluation scale contained in table 1, the fuzzy representation of which are triangular fuzzy numbers in accordance with fig.2 .
The proposed triangular shape of the membership function for the fuzzy number is its basic shape and is often used in such types of expert analyses. The change of the membership between parameters of the same function is a linear interpolation, which reflects the intuitive character of the formulation of expert opinions in a simple manner. Step 3. The effect of the evaluations performed by experts is a set of partial fuzzy matrices , of direct influence, where: are fuzzy numbers with a triangular membership function that express the fuzzy assessment of the relationship of element i and j, expressed by expert The main diagonal of matrix is going to be the location of elements which determine the influence between the elements of a system.
Step 4. The normalisation of the direct influence matrix should be carried out in accordance with the formula below:
The normalising value is calculated as the maximum sum of the row of the upper parameters elements of the fuzzy matrix.
(2.7)
As a result, each element of the normalised direct influence matrix will take on the form of a three-dimensional vector:
Step 5. On the basis of the direct influence matrix we should determine the resultant total influence matrix where: , the interpretation of which is as follows:
where: is an indirect influence matrix, which is the sum of the successive exponents of direct importance-influence matrices Using the relation , the total influence matrix can be calculated based on the relation:
Where is a unit matrix.
Because the evaluation of influence is done by a group of k-experts, a k-amount of total influence matrices with fuzzy elements described by triangular membership functions will be designated.
Step 6. In order to aggregate partial expert's opinions, we need to use an arithmetic mean fuzzy operator in accordance with the formula below [3] :
Hence, the fuzzy, aggregated total influence matrix is going to take on the following form: where , are fuzzy numbers with a triangular membership function
Step 7. The matrix obtained as the result of the aggregation requires defuzzification using a chosen method of defuzzification. In the example at hand, the authors propose that the Centre of Gravity (COG) method be used for defuzzification [22] .
(2.13)
is a crisp value of an element of the aggregated matrix
Step 8. The total influence matrix obtained in the manner above constitutes the basis for the obtaining of the final results of the cause-and-effect analysis by determining the total influence value of element and its total susceptibility in accordance with the relations below: (2.14)
The sum of values and determines the total engagement of system element , while the difference informs us of the role of this element within the system. A positive value of the difference states that element has a causal character, while a negative value informs us that it is an effect. The absolute value of the difference determines the strength of the abovementioned causal (effectual) character of the analysed element.
In order to simplify the analysis of the relationships between the elements of the analysed system, the values that have been obtained should be depicted in a graphical manner within a twodimensional coordinate system, creating a so-called impact-relation map -IRM. The value of the sum is going to be placed on the axis of abscissae, while the value of the difference on the axis of ordinates.
In order to determine the net values of the total influence of the elements of the system in question, we can make use of the following dependency: [2, 6, 9,] .
As a result, the cause-and-effect relationships between the elements of the system will be depicted in the form of a total net impact map, which will be represented in the form of a total net impact directed graph.
A CAUSE-AND-EFFECT ANALYSIS OF THE FAILURE OF THE HOLY TRINITY COLLEGIATE CHURCH IN OLYKHA, VOLHYNSKIY OBLAST, UKRAINE.
One example of a historical building that depicts a massive scale and type of damage is the Holy Trinity Collegiate Church in the locality of Olykha in Volhynskiy Oblast, Ukraine (Fig. 3) .
The church was built in the years 1635-1640 and was commissioned by Albrecht Stanisław Radziwił, to be built in the same manner as the Il Gesù Church (it is also stylistically tied with the deliberately, ruined and adapted to be used as a storehouse. In the beginning of the 1990's, due to a change in the geo-political situation, the Collegiate Church was returned to the Roman Catholic parish belonging to the Łuck diocese. In 2013, the authors of the paper performed a series of analyses with the goal of evaluating the load-bearing system and the causes of the damage that threatened the safety of the structure. supported by a load-bearing system composed of a timber structure. The original support structure of the roof above the main nave was also a timber system. Unfortunately, as a result of a failure due to a fire that consumed the roof, the entire load-bearing system was destroyed. Currently, the Factor is associated with the cracks and scratch marks on the vaulted ceilings and brick walls, which makes it an effect of these factors. Using a systemic approach to the performing of a cause-and-effect analysis, the failure factors mentioned before will be the elements of the analysed system.
In accordance with the procedure outlined in chapter 2.1, a five-man group of experts was assembled, with knowledge regarding building construction, including knowledge about the analysed structure and experience in determining the cause of and eliminating the effects of the failure of historical structures. The experts analysed the potential factors of the failure of the structure in question and performed an evaluation of the dependencies between them, in addition to determining their impact on the technical condition of the vault.
According to the procedure, the experts evaluated the dependencies above in a linguistic manner. For instance, table 2 provides the opinions provided by one of the experts. Table 2 . Linguistic evaluations of the relationships between the elements of the system. NI  AI  VHI  HI  NI  LI  NI  AI  LI  NI  -NI  NI  NI  NI  VHI  AI  NI  VHI  HI  NI  -HI  HI  HI  HI  NI  AI  AI  NI  NI  HI  -AI  AI  HI  HI  HI  HI  LI  NI  HI  VHI  -NI  HI  NI  HI  HI  NI  NI  HI  NI  NI  -VHI  LI  AI  VHI  LI  VHI  NI  NI  LI  VHI  -AI  VHI  VHI  LI  AI  HI  HI  LI  LI  AI  -NI  LI  AI  NI  AI  HI  HI  AI  VHI  LI  -VHI  NI  NI  NI  NI  NI  NI  NI  NI  NI  - The use of the aforementioned calculation procedure allows us to obtain a resultant, aggregated, fuzzy total influence matrix of the elements within the system. As a result of the defuzzification of the abovementioned matrix, we are provided with the crisp values of their elements -table 3. The values of the total impact and relations, and the total activity and role of a given element within the system are presented in table no. 4. Table 4 . The values of the total influence and susceptibility, as well as the total engagement and role of the elements within the system.
The impact-relations map for the factors that determine the failure of the structural system, as well as the total net influence graph, are presented, by figures 11 and 12, respectively. The results that were obtained should be interpreted in the following manner:
The most dominant factors of a causal character (the highest positive value of the difference are: factor -the fire on the roof and, as a consequence, the loss of the load-bearing capacity of the main structural elements of the building and , which is the age of the building. Further in the order of the causes of the damage of the vaults and walls of the collegiate church are climatic factors causing the thermal warpage of the vaults and the deliberate damaging of the abuttments of the external walls that have an influence on the vertical and horizontal displacements of the external walls and, as a consequence, the occurrence of damage on the aforementioned walls and vaults. The factors associated with the lack of a barrier on the walls in the form of plaster , constitutes, in comparison to the abovementioned factors, a decidedly marginal cause of the damage of the vaults and walls of the building. The excessive moisture within the walls due to capillary action has, as a factor, the lowest positive role indicator , the value of which is close to zero and which can indicate its neutral causal or effectual character in relation to the damage to the walls and vaults. The factors have a negative role indicator, which means that they are the effects of the influence of other factors, which confirms that the largest susceptibility to influence has been observed in the case of factor , associated with the cracks and marks on the vaults and brick walls of the analysed building. Apart from the observations stated above, it would be good to take a look at the individual engagement of each factor in the cause-and-effect analysis. In this regard, factors despite their effectual character, possess a higher total engagement than all the others (the highest value of the activity indicator).
The total net influence graph constitutes a rounding out of the discussion above, as we can decipher the direction of the relationships between the factors and the intensity of total net influence from it. As a result, we can observe that the dominating factor is the age of the building, and the scratches of the vaulted ceilings and brick walls constitute an effect of the indirect and direct influences that are analysed in the paper, as well as other factors,
Conclusion:
The carrying out of emergency work on historical buildings demands the prior development of specialist technical and structural documentation which takes into account the typology of the damage and an analysis of the load-bearing system. Historical buildings, due to their "age", as well as distinct structural solutions, require individual research and analysis. The inclusion of atypical forms of destructive influence on a building, as well as the specific human activity in the form of devastation is an absolute necessity in such cases. The development of technical documentation containing practical guidelines for the securing and revalorisation of the historical substance of buildings needs to be preceded by a cause-and-effect analysis of the damage seen in those structures. An attempt at synthetically describing the above problem and framing it in the form of a system composed of various elements between which certain relationships occur can be considered good practice. In addition, due to the character of the elements of such a system (which are difficult to measure), it is necessary to take into account the problem of uncertainty and the aggregation of the evaluations performed by experts taking part in the analysis. The DEMATEL method (Decision Making Trial and Evaluation Laboratory) proposed in the paper, along with its fuzzy extension, can be used to analyse a problem that has been defined in this manner. The results that were obtained with the use of the abovementioned procedure to perform a cause-and-effect analysis of the load-bearing system of the XVII-century Collegiate Church of the Holy Trinity in Olykha, Volhynskiy Oblast, Ukraine, have confirmed the effectiveness of the above method. An in-depth interpretation of the results of the presented analysis had made it possible to develop a detailed structural design of the reinforcement of the main load-bearing elements of the analysed building. The scope of the necessary -and, at the same time, properly selected -technical solutions, which refer only to the basic factors (the causes of the failure) will make it possible to limit construction work on the Collegiate Church to the necessary minimum, while allowing the provision of the complete stability of the structure. Indeed, it is necessary to respect the regulations of the Athens Charter [23] regarding modifications to historical substance, which must focus on preserving the durability of a structure by performing only the necessary construction work.
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Fig Rys. 7. Fotografia przedstawia obiekt od strony wschodniej(lewa fotografia). Widoczne uszkodzenie przypory ściany wraz z degradacją materiałową i konstrukcyjną murów(prawa fotografia). 
